Despite great potential, Kenyan smallholder dairying faces diminishing land sizes, high input costs, poor extension contacts, non-responsive price policies, and new pests and diseases. Climate change will worsen the situation. This study sought to assess smallholder dairy farmers' climate change adaptation level in Southwestern Kenya. Adopting Concurrent Fixed Mixed Methods, primary and secondary data was collected. Reports and papers were reviewed for temperature and precipitation data, dairy population, production trends, and farmers' socio-demographics. A survey questionnaire for climate changes and farmers' adaptiveness was administered to 367 smallholder dairy household heads with 10 years' experience, obtained by multi-stage sampling from 4 sub-counties. Key informant interviews (KIIs) and focus group discussions (FGDs) were conducted with farmer groups, heads of research, government departments and livestock farms; and the old that were obtained purposively based on dairying experience. Percentages were used for climate change effect on smallholder dairying and farmers' adaptation. Principal component analysis was used for factors with great influence on respondents' climate change adaptiveness; while one proportion Z-score test was used for significant differences between adapters and non-adapters (p < 0.05). Flexible and systematic Framework Approach was used for qualitative data analysis by cases and 5 themes. Findings indicated that despite Migori County's great dairying potential, climate changes have partly hindered full exploitation. Temperatures and rainfall increased slightly in 30 years; with feeds and water diminishing, and resistant diseases and parasites emerging. Upon ranking, pasture
Introduction
In Kenya, 75% -90% of the domestic milk comes from the smallholder dairy sector [1] . Smallholder dairy farming in Kenya, as in most developing countries, is practiced alongside crop production on the same farm and contributes directly and indirectly to increased livestock population and farm productivity, income generation from milk and dairy product sales, job opportunities, and the transfer of money from urban to peri-urban and rural areas [2] . Yet, most of the smallholder dairy farmers in Kenya live in marginal areas, where land sizes are increasingly diminishing, costs of agro-inputs are ever-increasing, and illiteracy and poverty force the farmers to adopt poor and archaic production methods that only lead to low yields. There is also limited extension services, which, together with non-responsive government price regulatory policies, emergence of resistant strains of pests and diseases, and pre-and post-harvest losses, lead to low financial returns on production [3] . It is for this matter that FAO recognizes "smallholder farmers" on the basis of their limited resource endowments relative to other farmers in the sector, and that the definition differs between countries and between agro-ecological zones [4] .
A global trend observed in most of the marginal areas in recent decades has been a significant fall in food production, against an increasing demand for food due to high levels of population growth [5] . Global warming and the associated climate change is, therefore, expected to exacerbate the challenges smallholder dairy farmers in Kenya face, as it would lead to more crop failure and famine, with many plant and animal species having problems adapting [3] . Experts have predicted that over time, the situation will get worse [6] [7] .
Thus, unless the Government and key stakeholders work together to support the Kenyan smallholder dairy farmer to adapt to effects of climate change, huge losses in terms of food production, household income and the gross domestic 458 Atmospheric and Climate Sciences product would occur. The situation would most likely, push a number of the smallholder dairy farmers out of business; with the net result being that milk demand would greatly outweigh its production. It is in this regard that it would be important to understand how well adapted the Kenyan smallholder dairy farmer is to continue in business and even increase milk production in the advent of climate change; identify gaps and suggest measures that would help improve their adaptation to climate change effects. Therefore, this study aims to establish the climate changes that have taken place in Migori County over the past 30 years, the effects of the changes, how farmers adapt to the changes and the level of adaptation of the smallholder dairy farmers.
Materials and Methods

Study Site
The study was conducted in Migori County, which is located in the Southwes- were selected for the study because they present a fairly homogenous climate, which also make them the dairy belt of the County. Within the four sub-counties, the study was confined to LM 3 , except in Rongo, where it was undertaken in UM 2 .
Migori County has an inland equatorial climate modified by the effects of altitude, relief and the influence of the large body of water of Lake Victoria. Rainfall is generally continuous with little distinction between first and second rains.
Annual rainfall averages between 700 mm and 1800 mm [8] . The first peak season comes over the months of March to May, and is reminiscent of the long rainy season; while the second peak season that is reminiscent of the short rains comes over the period of September-November. The two peaks are separated by a three month period each, of June-August and December-February; when there is rainfall, but the amounts are low compared to the rest of the months. On av- As in most parts of Kenya, the amounts of precipitation received in Migori County over the short rainy seasons has been on the increase, sometimes even being more reliable, well distributed and higher in amounts and spread (spatial and temporal) compared to the long rainy seasons [9] . This implies that the major issue around Migori County is coping with increased amounts of precipita- In the four sub-counties of study, smallholder dairying is more prominent in Rongo, Awendo, Uriri and Kuria West, in that order. Although Kuria East and
West present favourable climate for dairying, cattle rustling has remained a great impediment to the development of the dairy industry therein [10] .
With a human population of 917,170 people (2009 Census), and each person requiring 1 cup (or 300 ml) of milk daily [11] ; Migori County is generally a milk deficit county, having to subsidize its milk production with imports from neighbouring counties, such as Kisii, Nyamira, and Bomet, as processed milk that is retailing in most outlets within the county.
The study was conducted among smallholder dairy farmers whose average land holding size is 3 acres, practice mixed crop and dairy farming, and have been in dairying for at least 10 years. Milk from the industry is consumed within the household, while some of it is sold locally for income. Whereas a number of the smallholder dairy farmers make significant investments in the dairy industry to improve production and income, several others largely practice semi-intensive dairying (keeping dairy cattle in stalls, mainly during the night and milking times, while tethering them the rest of the time). Characteristically the smallholder dairy farmers of the study area keep cross-bred cattle, and depend largely on fodder from own farm, while a few lease land for fodder production or buy it from neighbours. Most of the smallholders depend on water from the rivers, such as Kuja, Migori, Riana, Ongoche, and Sare. While some have sunk shallow wells for watering the dairy cattle and for domestic use, others supplement with rain water harvesting (mainly in the form of roof catchment).
Study Population and Sampling
The population of the four sub-counties was estimated to be 608,372 persons as of 2012 (based on 2009 Census), with an average household size of 5 and a dairy population of 7081. Of this population, 2528 were smallholder dairy farmers; from whom a representative sample of 367 households was drawn for the study. This sample was based on formula by Yamanne [12] for determining sample sizes for population less than 10,000 as presented in the following equation:
where: n = the desired sample size (for target populations less than 10,000); N = the population size; e = the level of precision or statistical significance set.
Therefore, given that the population of smallholder dairy farmers in the se- Considering an additional 10% for non-respondents (i.e. ≈35), the desired sample size for this study was 380 smallholder dairy farmers.
Due to difficulties in covering all the sampled households in parts of Kuria West, largely as a result of insecurity, the study was conducted among 367 smallholder dairy farmer households distributed among the four sub-counties as shown in Table 1 .
Multi-stage sampling was used to obtain the sample. First, a visit was made to the sub-county livestock offices, from which a listing of all smallholder dairy farmers in each of the wards was obtained. Then, proportions of farmers in each of the wards were determined based on the populations listed. The same were used to distribute the required sample size (367) within each of the wards.
Within each ward, the number of villages where smallholder dairying was being practiced was determined and proportionate sampling was again used to assign the number of farmers per village. Within each village, simple random sampling was used to pick households for inclusion into the study.
On the other hand, for qualitative study, participants were identified and picked by purposive sampling, based on their role and level of involvement in smallholder dairying and meteorology.
Data Collection Methods
Both primary and secondary data were collected. Secondary data was obtained by review of reports and documents and from literature obtained from the internet and from government offices, research stations (KALRO and Meteorological Department) using a data checklist. The data collected included dairy population of the four sub-counties of study as well as socio-demographic and dairy production profiles of smallholder farmers within the study area. Other secondary data collected included temperature and precipitation data, as well as trends in milk production, demand and sales in the four sub-counties of study. Primary data collection included both quantitative and qualitative data. A structured household survey questionnaire was used to obtain primary quantitative data from heads of smallholder dairy households with at least 10 years' experience in dairying. The questionnaire solicited data on smallholder dairy farmers' adaptive strategies to climate change effects. On the other hand, key informant interview (KII) and focus group discussion (FGD) guides were used to collect primary qualitative data from individuals and groups perceived to be experts and opinion leaders on climate change.
Key informants included heads of key government parastatals and departments (of meteorology, environment, livestock production, cooperatives, and key government livestock production farms), leadership of a dairy cooperative society and dairy farmer groups, and climate change livestock research experts from Kenya Agriculture and Livestock Research Organization (KALRO)-Kisii Station.
Focus group discussions were conducted with elders (men and women) aged over 60 drawn from Kuria and Luo communities in Migori County; members of Rongo Dairy Farmers' Cooperative Society, and select dairy farmer groups in Migori County.
The proceedings of KIIs and FGDs were recorded using a digital recorder and transcribed verbatim after listening to the recordings several times. A research note book was only used to note cues for reference.
In addition, Non-participant Observation was used to collect additional information for the study. An observation guide was prepared and used to facilitate the recording of information. The information was collected using a camera, recorder, and by note-taking. Visits were made to the smallholder dairy farmers' households and homesteads, and dairy cooperative societies to record their activities that may be useful in providing further insights into the matter under investigation. This was complimented by transect walks over the sub-counties to provide an overview of the smallholder dairy industry in Migori County. Photographs of live events were taken during the study; including the enumeration process, focus group discussions, farm activities undertaken by smallholder dairy farmers, and evidence of climate change in the study communities, including land degradation and formation of gullies.
Data Collection
Data collected using the household survey questionnaire included the respondents' adaptive strategies to climate change effects. The questionnaire sought to establish the problems the smallholder dairy farmers faced in trying to adapt to climate changes, and whether the identified climate change effects had high, medium or low effect. Multiple responses were allowed. It also sought to understand the respondents' adaptive strategies to climate change effects, which was defined by:
1) The farming type adopted (whether mixed dairy and crop or pure dairy farming); 2) The production method employed (whether intensive or non-intensive);
3) The major source of fodder (whether own or purchased);
4) The type of breeds kept (whether pure or non-pure); 5) Dairy breeds kept (whether Friesian and its crosses, or Non-Friesians and their crosses);
6) The number of dairy cattle kept (Whether 2 and above, or not);
7)
The main source of farm labour (whether household or non-household); and 8) The observed trend in income from dairying (whether increasing or decreasing trend from milk sales).
Further, the questionnaire sought to understand the smallholder dairy farmers' reasons for adopting these adaptation strategies and their level of satisfaction with farm labour and observed trend in monthly income from sale of milk from dairy cattle.
KII and FGD guides collected personal information about the individual and group respondents. The guides sought to establish respondents' perceptions on changes in temperature and precipitation as a measure of climate changes taking place in Migori County over the past 15 years. It also sought to understand the impact of the changes on smallholder dairy industry in the study area; how the smallholder dairy farmers of the study area were trying to cope with them; and the challenges they were facing as they tried to adapt.
Data Transcription and Analysis
Quantitative data obtained from the survey was organized into percentages to show the effects of climate changes on smallholder dairying and the adaptive strategies employed by study respondents to climate change effects. The data was then subjected to a principal component analysis (PCA), where 8 factors were identified to have the potential of influencing smallholder dairy farmers' adaptation to climate change effects (i.e. mixed farming, non-intensive production system, own fodder, non-pure breed of dairy cattle, non-Friesians and their crosses, 2 dairy cattle and above, household is main source of labour, and increasing trend in income from dairying). The first three factors that had the highest proportionate influence, based on the Eigen values were then determined. Finally, one proportion Z-score test for proportions was used to test for significant difference between the means of the climate change adaptation measures and the presumed mean (assuming that 50% of respondents would adapt and the other 50% would not), so as to confirm if the differences were significant (p < 0.05) as per the equation below: Qualitative data (KIIs and FGDs) was first transcribed from the voice recordings into word. The word version was then entered into an excel spread sheet and analysed using the Framework Approach. This approach is used to organize and manage data by summarization, resulting in a robust and flexible matrix output, which allows for analyzing data both by case and themes. In the analysis, data is sifted, charted and sorted in accordance with key issues and research themes using five steps: familiarization; identifying a thematic framework; indexing; charting; and mapping and interpretation. Records from the four sub-counties of study indicate that Migori County has a great potential in terms of dairy production and earnings from the same. Table 3 gives a summary of this, based on 2012 Annual Reports from the four sub-counties of Rongo, Awendo, Uriri, and Kuria West. Figure 1 presents temperature data from the study area for 35 years . Figure 1 shows that generally there has been an increase of at least 1˚C in minimum temperature of the study area between 1982 and 2015. The same trend seems to be registered in terms of average temperature. As for maximum temperature, the figure shows that this has increased slightly from 28.2˚C in 1982 to
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28.5˚C in 2015, although higher increases were experienced in-between. [18] . What is emerging in Migori County, as in most parts of Kenya; is that the amounts of precipitation received over what has been traditionally known as short rainy seasons has been on the increase, sometimes even proving to be more reliable, well distributed and higher in amounts and spread (spatial and temporal) compared to the long rainy seasons [9] .
This implies that the major issue around Migori County is coping with increased amounts of precipitation and higher temperatures. These could lead to disappearance of some crop and livestock species, hence; reduced forage amounts and variability for livestock. Besides, there is a likelihood of emergence of new strains of crop and livestock diseases and pests that may be difficult to manage. This would ultimately lead to reduced returns on investment from livestock rearing. There would also be the challenge of getting the right cultivars and livestock breeds that would adapt to that kind of climate and remain in production under such harsh conditions.
The study established from discussion with elders (over 60 years of age) that both day and night temperatures used to be colder in the 1960s and 1970s than today. The elders put the blame on increasing human settlement and farming activities, which have seen more trees cut down. The reduction in tree cover has seen a remarkable increase in day and night temperatures, which has meant that during the day, people would rarely cover themselves with heavy jackets like before. Likewise, in the night, people would rarely cover themselves with heavy blankets, like Raymond's that was popular in those days. The increase has been very steady and presenting a direct proportionality with time, more so since the year 2000. Interview with Migori County Director for Meteorological Services confirmed that temperatures have been steadily increasing with time, with a global increase of 0.3˚C being registered.
The study further established from focus group discussants that increases in temperature have largely contributed to changes in rainfall patterns, hence; climate change. This is because the main driver of seasons is solar energy, such that with climate change there is differential heating of the water bodies and the earth surface. Through the water bodies we get water vapour, hence; there is a relationship between temperature and climate change.
Engagements with focus group discussants, both elders and dairy farmer groups, indicated that the total amount of rainfall has more or less remained constant, comparing the 60's and today. What have changed are the distribution sometimes more rain is received during the short rainy season than the long rainy season. Today, unlike in the days of 60's and 70's, rainfall distribution (temporal and spatial) is also very erratic, although the intensity has generally been increasing. Rainfall amounts vary from area to area, creating micro-climatic differences within the County and even within individual sub-counties, although an increasing trend has been noted.
These changes both in temperature and rainfall patterns have their direct and/or indirect effects on smallholder dairy farming. The study sought to understand the climate change effects experienced by smallholder dairy farmers in Migori County-Kenya, and to establish the adaptive strategies adopted by farmers in response to the same. Table 4 presents the findings.
The study established that climate changes have moderate to high effects on the performance of the smallholder dairy industry within the County. The survey established that climate changes with high effects experienced by smallholder dairy farmers in Migori County include: increase in diseases and pests (61.0%; n = 367); pasture loss (42.2%; n = 367); over grazing of land (41.1%; n = 367); and under feeding of livestock (39.5%; n = 367). Those with moderate effect include: increased labour demand (42.2%; n = 367); poor quality products (41.1%; n = 367); reduced milk production (38.7%; n = 367); drying of nearest water sources (37.1%; n = 367); water scarcity (36.8%; n = 367); and loss of livestock (35.1%; n = 367).
Smallholder Dairy Farmers' Adaptive Strategies to Climate Change Effects
The study further sought to establish the adaptive strategies the smallholder dairy farmers employed in order to cope with the climate change effects. Findings are presented in Figure 1 that shows the extent to which each of the eight parameters for measuring adaptation to climate change was adopted by the study farmers. Multiple responses were accepted. From Figure 3 , it is evident that the smallholder dairy farmers of Migori County are highly adapted to climate change effects; with 68.4% to 96.5% of them adopting various strategies in response to climate change effects. Majority (96.5%; n = 367) of the smallholder dairy farmers practice mixed crop and dairy farming as an adaptive strategy to climate change effects, with 95.1% (n = 367) adopting non-intensive production methods that largely involve integration of zero-grazing with tethering of the cattle, and sometimes free range grazing in enclosed fields without mixing the cattle with other livestock. Majority (92.4%) of the study respondents (n = 367) indicated that they depended on fodder from their own farms; with 87.7% (n = 367) rearing non-pure breeds of dairy cattle that are mainly crosses of Ayrshires, with some Guernseys and/or Jerseys. Majority (92.9%) of the study respondents (n = 367) keep at least 2 dairy cattle or their crosses, with household members providing the main source of labour for 94.6% of the study respondents (n = 367). Slightly over half (68.4%) of the study respondents (n = 367) registered an increase in income from milk sales over the past 10 years.
The study established that a comparatively low number of farmers registered increases in income from milk sales over the past 10 years. This is a pointer to tough economic times making consumers change feeding patterns, hence; low milk demand; and high cost of inputs (notably feeds and treatment for diseases and parasites).
Principal Component Analysis (PCA)
Eigen values and the respective proportions accounted for by the various adaptive factors from Principal Component Analysis (PCA) are presented in Table 5 .
The factors included Mixed Farming (Factor 1); Non-intensive production system (Factor 2); Own fodder (Factor 3); Non pure breed of dairy cattle (Factor 4); Non Friesians and their crosses (Factor 5); 2 dairy cattle and above (Factor 6);
Household is main source of labour (Factor 7); and Increasing trend in income from dairying (Factor 8). Table 5 presents the findings.
From Table 5 , three (3) factors, Mixed farming (Factor 1), Non intensive production system (Factor 2) and Own fodder (Factor 3) are great determinants of adaptability of smallholder dairy farmers to climate change (having highest Eigen values). Thus, smallholder dairy farmers who practice mixed farming, non-intensive production system, and have established own source of fodder for feeding the cattle are better adapted to climate change effects than their counterparts who have not.
A Factor Loading Matrix was used to determine the uniqueness of the combination of the various sets of adaptive strategies employed by smallholder dairy farmers. Results are presented in Table 6 . Table 6 indicates that Non intensive production system (Factor 2) was the highest predictor for choice of farming type adopted by the study respondents, as well as decision to establish own-farm fodder for the dairy cattle. Similarly, Mixed farming (Factor 1) was the highest predictor of production system employed, the breed of dairy cattle kept, and a decision to rear breeds of cattle that are highly adapted to the environment by the study respondents. Own fodder (factor 3) was the highest predictor of the number of dairy cattle kept by the study respondents. Thus, the study established that smallholder dairy farmers who chose to go for non-intensive dairying were about 40% more likely to adopt mixed farming, and about 60% more likely to establish own-farm fodder. Those that opted for mixed farming were about 70% more likely to practice non-intensive dairying; about 80% more likely to keep cross breeds of dairy cattle, and about 80% more likely to rear non-Friesian breeds and their crosses that are considered more adaptable to the climatic conditions of the study area. On the other hand, the smallholder dairy farmers who had established fodder own farm were about 90% more likely to rear at least 2 dairy cattle. Table 6 further indicates that in terms of uniqueness, 66.8% of the variance in farming type is not shared with other variables in the overall factor model. On the contrary, the number of dairy cattle kept has low variance not accounted for by other variables, being 20.41%. This impulse that the number of dairy cattle kept is a strong predictor of adaptability of smallholder dairy farmers in the study area. Table 7 presents results of rotated factor loadings for correlations (based on the assumption that the factors are not correlated to each other) and for ease of interpretation.
From Table 7 , all the three factors (1, 2 and 3) combined account for 52.78% of the total variance observed. From Table 7 , it is further observed that Mixed Farming (Factor 1) could predict smallholder dairy farmers' choice of farming type to be adopted by 49.6%; production system to practice by about 69.5%; To find out which factors are related to the adaptive strategies employed by the smallholder dairy farmers in the study area, a prediction matrix was plotted and results presented in Table 8 . The factors being regression coefficients used to estimate the individual scores per case or row, as presented in Table 8 indicate that, the farming type practiced, production method employed, breed of dairy cattle kept, and a consid- 
Establishing Whether Farmer's Adaptation to Climate Change Are Significant
To establish the level of adaptation of the smallholder dairy farmers of Migori to Climate change, In-silico Z-score calculator was used to run one proportion Z-test for each of the eight parameters defined to measure adoption; with sample 1 being 0.5 (the assumed adoption level) and sample 2 being the % of respondents adopting the various adaptive practices. Findings are presented in Table 9 .
The results indicate that for each of the 8 parameters for measuring adaptation, the two sample means (that of the assumed adoption level and the actual adoption level) were significantly different, hence; the smallholder dairy farmers of Migori were generally highly adapted to climate change effects. The highest significant difference was experienced with respect to practicing mixed crop and 
Discussions
Mixed crop and livestock farming reported in Figure 3 could be attributed to an attempt by the study respondents to adapt to feed shortages. In this way, the crops and crop residues could supplement dairy animal feeds, even as the [20] who established that most smallholder farmers adapted to climate change by diversifying out of agriculture. Mixed crop and livestock farming could also be attributed to an attempt by the study respondents to spread out risks of total loss from production, ensure sustainability in business, complementarity of enterprises (crop and livestock), increases in household income; and reduction in the overall production cost, as was argued out by Somda, J. et al. [21] .
Non-intensive dairying practiced by majority of the study findings as reported in Figure 3 could be attributed to an attempt to achieve an efficient utilization of scarce feed resources, give the farmer flexibility to engage in other activities, reduce labour demand, reduce cost of parasite and disease control in the farm, and ensure efficient utilization of farm by-products. This is consistent with findings by Ketema & Tsehay [5] regarding dairy production systems in Ethiopia.
While most of the study respondents kept non-pure breeds (i.e. crossbred dairy cattle) in an effort to adapt to parasites and diseases, Quddus [22] found that only some 35% of farmers in Bangladesh reared crossbred cattle as an adaptation to climate change. This suggests that probably in Bangladesh, the smallholder dairy farmers have better control of diseases and parasites compared to their Kenyan counterparts. [28] and Tripathi & Mishra [29] who concluded that dairy farmers either did not perceive climate change as an immediate problem, or did, but took only implicit measures to adapt to climate change. Reduction of herd size to 2 dairy cattle was also established by Kirui [23] who found some 34% of her study respondents in Kosirai kept 1 -2 dairy cattle, while nearly half kept 2 -5 dairy cattle. Figure 3 further indicated that majority of the study respondents had experienced an increase in income from the dairy enterprise over the past ten (10) years. This finding corroborates that of Shikuku et al. [30] that prioritized climate-smart livestock technologies in rural Tanzania. Shikuku et al. [30] indicated that both households with local cows and those with improved cows had increased income and food security.
Findings from qualitative study indicated that productivity of the animals has shown a general decline, with an ever-increasing milk demand. This has pushed milk prices up, making most dairy farmers to experience a general increasing trend in returns from dairying. Milk production has declined. There has been increase in calf pneumonia and increasing cases of silent heat due to poor management (lack of mineral supplementation and delays in accessing A.I. services that have since been privatized and the few available A.I. service providers are overwhelmed), although generally increases in temperature have meant more pronounced heat signs and aggressive animals when on heat.
The study established that mixed farming, non-intensive dairy production system and establishing own farm fodder were three factors that greatly determined the adaptability of smallholder dairy farmers to climate change in the study area. Thus, the farming type practiced, production method employed, 
Conclusion
Climate changes have taken place in the study area, with moderate to high effects on the performance of the smallholder dairy industry in Migori County. Migori smallholder dairy farmers are, however, significantly and positively adapted to climate change effects, hence; are more likely to increase productivity, sustain production and income from the dairy enterprise, and remain in the market for quite some time if the Government and other stakeholders provide the much-needed external support in terms of infrastructure, institutional and legal support. Despite the high level of adaptation of Migori smallholder dairy farmers to climate change effects, there is a need for stronger research-extension-farmer linkages so that latest findings from research could reach smallholder dairy farmers in time, and feedback from the dairy farmers could reach researchers in time. Government extension service having been liberalized and adopting a demand-driven group approach, civil society organizations, private players, research institutions and universities need to step up their farmer advisory services to bridge the gap in terms of limited farmer contact with extension and advisory service agents. This is more particularly important, considering the general reduction in employment of extension agents by the government and poorly remunerated and motivated extension agents within the civil service. 
